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Summary 

Tit l milk i , T, A. & AUSTIN, A D, (1994) Bnilogv of Phvltn leoghugu fmgguill Rick iHymc-fioplera: Pergidae) 
xml its parasltoids in Souih Australia. Trans. R. Soc. S. Auxi. 118(2). UT 113. 3! May 1994. 

Information is presented on the biology of Pit via, reophtlga finggnili Riek (the leal-blister sawlly /, ail emerging 
pest of plantation and ornamental eucalypts in south-eastern Australia. The range ol'cucalypl species attacked, 
the extern ol tree damage, seasonality, fecundity and longevity of P. froggall, are investigated for popnlafloos 
in the Adelaide region. The hynienopteran parasiloids associated with P. fivggatli arc reviewed An illuslralcd 
key lo the 17 species encountered in the Adelaide region is presented . along with notes on their biology, relationship 
with then host . and species recorded from other pans of Australia. 

Ki v Words Phyla, nvi/i/n tyu fo iggutn . Perctdae, parasiloids. hyperparasiloids. Braconidae, lehneumomdae, 
Chalttdidae, Hlasmidae. Enevtltdae, Culophidae, Lupclmidac, I’lcronmljdae 



Introduction 

Phylacieopltaga froggatt! Riek. the leaf-blister 
sawlly, is a native leaf-mining species that is generally 
restricted in distribution to the south-eastern and south- 
western parts of the continent (Riek 1955; Benson 
1963; Farrell & New 1980; Curry 1981). Larvae feed 
on a range of eucalypt species by mining the mesophyll 
layer between the upper and lower epidermis of large 
leaves, l itis pattern of feeding results in characteristic 
oval or elongate. brown blisters, which are most 
common on the lower branches of young trees (Farrell 
A: Now 1980; Nullnll 1985). Heavy infestations Of P 
froggatti cause substantial loss of photo-synthetic area, 
re sill liny in stunted growth or dealh of Irees. This 
damage is of most concern where large numbers of 
saplings exist in a confined area, such as eucalypt 
plantations, ornamental eucalypts in parks and gardens, 
and potted trees in outside nurseries. 

lu 1985 P. froggniti was accidentally introduced into 
New Zealand where it has become a serious pest of 
eucalypt forests and ornamental trees (Nuttall 1985; 
Kay 1986). This has led to the importation and release 
of two species of braeonid wasp from Australia in an 
attempt to control this sawlly biologically (Austin A 
Fuulds 1989; Faulds 1990). ' 

Given the pest status of P. froggatti , relatively l ttlc 
work has been undertaken on its biology ot that "I its 
parasiloids Other than life work of Farrell & New 
( 1980), who provide a detailed account of some aspects 
of the biology of P froggatti in the Melbourne area, 
the species has received only anecdotal attention 
(Froggatt 1899; anon. 1950; Riek 1955, 1970; Moore 
1966; Curry 1981; Naumunn 1983; Rnngey 1986). 
Information on its parasiloids is even more limited. 
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Farrell & New (1980) record some observations on the 
development and mode of parasitism for two species. 
Bracon sp. and CirrospUus sp. in the Melbourne area, 
while other workers have simply listed the species 
reared (Moore 1966. Curry 1981. Boudek 1988). In 
(hese studies no more than six species have been 
recorded and, with the exception of Boueck (1988). 
the accuracy of species identifications is questionable, 
More recently, Austin & Faulds (1989) have described 
two species of Bracon that have been introduced into 
New Zealand, while Faulds (1990) has reported the 
release and establishment of these species and 
discussed their potential for controlling 
Phyliioeophaga. 

The aim of the present study is to document more 
fully the biology of P froggatt i, focusing on aspects 
that have been largely neglected by previous workers. 
Al the same time, detailed information is presented on 
the large parasitoid complex associated with P froggatti 
in the Adelaide region. An illustrated key to their 
indemtfication. as well as notes on their taxonomy, 
biology as either primary or hvperparasiioids, 
immature stages and seasonality are presented as a 
prelude to future studies on the ecology and possible 
control measures of this emerging eucalypt forest pest. 

Materials and Methods 

Held sties 

liueulypl trees infested with larvae and pupae ol P 
froggatti were monitored al several sites in the Adelaide 
region, viz., from the western coastal suburbs ( Dover 
Gardens), city parklands and adjacent suburbs (Sturt), 
and Lobeihal-Woodside area (Adelaide Hills), between 
August 1990 and July 1991. The first two sites comprise 
mostly ornamental irees (immatures of numerous 
species) in parks and along roadsides, while the latter 
site is semi rural and comprises both ornamental trees 
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and naturally growing uccs in paddocks and along 
roadside verges (mostly Eucalyptus canuddulcnxis, / 
ctutioralyx and t. Icucaxylon ). Tile climate ot tile lust 
two sites is very similar with average monthly 
maximum anil minimum lemptiraiurex ol 23 U C and 
I3°C, while the Lobcthal-Woodside site has average 
monthly maxima and minima of 2l°C and 8 0 C. T he 
average annual rainfall for these two areas is 
substantially different (Adelaide SXSinoi; Lobethal 
888mm). 

lalxorafon rearing 

Infested bianehes. mostly of E. uunaldultmix. wctc 
collected from the field, placed in plastic bags and 
returned to the laboratory. They were placed in 
eoniamers- of water at room temperature or eonslant 
20°C and P froggatti allowed to develop. Leaves with 
larvae, pupae and/or developing paraxitoids were back- 
lit with an optical libre light 10 determine the exact 
stages present and observe their development Most 
parasitised and unparasitised pupae were separated into 
5 cm dia, plastic containers and allowed to complete 
development. Once emerge, adult P. frvggalli and 
puntsitoids w'ere kept alive bv supplying them with a 
smear of honey and water via a saturated cotton roll 
poshed through the lid ol a small glass vial. Virgin 
female P. froggatti were sometimes isolated from males 
as soon as they emerged |o provide individuals for 
laboratory experiments. 

fycntulify arid longevity 

Virgin female P. froggatti which had emerged over 
a 24 horn peruxl were held at constant 20°C' with honey 
and waier supplied. Ten individuals, randomly selected 
each day, were measured for body length, killed in 70% 
EtQH, squashed on a microscope slide and die number 
v>l lully developed eggs counted. 

To determine the longevity of /' froggatti. adult 
females were kept m 20 cm diameter plastic cages and 
their survival monitored twice daily until all wasps had 
died. Longevity was compared for I) virgin or mated 
females. 2) with or without water and honey, and At 
at live temperatures (10, 15, 20, 25, 30°C’) I'en females 
dial had emerged within a 12 hour period were 
randomly selected limn stock cages and iransleired into 
experimental containers. Three replicates were run lor 
each of the above 20 treatments Honey or w ater were 
not supplied during mating to those which went into 
the “no lin'd'' treatments. All cages w'ere held at 12.12 ll 
phntoperiod in temperature cabinets with ±0.S°C 
temperature ranges. The mean survival time for each 
treat me n I was calculated and plotted against 
temperature;, anil the regressions analysed using a 
2-tailed F-tesi 

Taxonomy and scanning electron microscopy 

Terminology fen morphological structures generally 
billow Ciauld (1984) and Uatlld & Bolton (|988) fot 



ichneumonid and braconid wasps and Boucck i WSHi 
for chalcidoids. Where necessary, morphological 
structures referred to in the key are indicated on the 
figures. Voucher material of all species have been 
lodged in the Waite Campus insect collection. 
University of Adelaide, 

Specimens tor SFM examination were killed and 
washed in a strong detergent solution before being 
dehydrated in 1005?. EtOH and critical point dried In 
an Umscope f’PO 250. They were coaled iwiee with 
carboii and guld/palladiuni before being examined 
under a Phillips 505 Scanning Electron Microscope 



Results and Observations 

Taxonomy of Phylacteophaga 
The taxonomy ol Phylaclcofthugu species is confused 
and requires urgent smdy. Nominally, only one species, 
P. eucalypti Froggatt, is recognised which has been 
divided into lour subspecies (P. e. eucalypti. P e 
froggatti Riek. /’ r tasmanicci Riekand P. e. accident 
Benson) based on cnlout and size (Benson 1963). At 
least two of these subspecies (P. e. froggatti and P. c 
Occident) occur sympatrically and may therefore 
represent distinct biological species (Naumann 1983). 
However, of the several hundred specimens reared from 
leaf mines by us during 1990-91 all belong to the one 
colour form, that of P. e. froggatti Riek (i.e. antennal 
scape and pedicel and scutellum of female pale yellow 
to orange-yellow). Furthermore, mating of field- 
collected material in the laboratory was always 
successful, supporting the premise dial cither only one 
species is present or one is dominant in the Adelaide 
region. Because all reeeni authors (e.g. Farrell <V New 
1980; Curry 1981 Faulds 1990) have adopted species 
level stores for the subspecies P c. froggatti, this 
approach will be used here to save confusion. 



Mating 

In the field . males wore often observed perched on 
the dinsal surface ol leaves with their body held at 45° 
above the surface, in the vicinity of ovipositing or 
resting females, or (lying in small swarms of 5-10 
individuals, close to leaves where mating pairs were 
perched Copulation is sirophnndous, i.e. male and 
female arc joined end-to-end with the male genitalia 
twisted through 180° (Gauld & Bolton 1988) In the 
labor aloty mating took 2-3 minutes. During copulation 
the female stands with her wings loliled at rest, while 
mates have their wings spread nt about 45° and 
periodically fan them. After uncoupling, the female 
immediately moves away and the male remains in 
place, tapping its abdomen several limes nn the leaf 
surface before Hying off. 
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Fecundity mil oripmilirw 

The number of egg, s earned l>v virgin females ranged 
fioin 57 K> 87. while egg number within these limits 
was positively correlated wiili both age and size of' 
females (r • 0.7b and r -0.66, P< 0.05 i On landing, 
female P froggatti move sideways over the surface of 
a leaf perpendicular to the mid vein, with this 
movement continuing until an oviposilion site is 
chosen. The female saws into the leaf tissue for 5 ]() 
sec. then remains stationary for 3-4 non while 
ovipositing. At this time the body and antennae are held 
at an angle of about 45° to the leal and (o the mid vein, 
possibly to position the egg so that the larva hatthC'- 
in the direction towards the apex of the leaf. Once 
completed, the female tubs tier abdomen over the 
position of the egg spot three or tour times, possibly 
to seal the bole, and then moves away, either staying 
on the same leaf ot moving to another leaf to oviposit 
biggs are generally laid close to the mid vein and along 
the length of the loaf, but not in the disttil 20 70 nun 
The small egg spots, about 0,8 mm in diameter, form 
raised glut minus structures (egg-galls) on the surface 
of the leaf. The number of egg spots per leal ranged 
from 7-170, with numbers over about 00 representing 
the oviposit ions ol more than one female. 

Life- 1 listen' stones 

The morphology, eoloul and size of the egg. larval 
instars and pupa of P froggntti are virtually identical 
to those described by Farrell At New (1980). Briefly, 
the egg is flattened and oval in shape, measuring, 
0./5 s 0.5 min. There arc five larval instars in the 
female and lour in males. For the Adelaide population 
females had mean head capsule widths of 0.49 (I). 0.62 
(III, 0.80 till). 1.01 (IV) and I 25 mm (V) <n > 25 
in each ease), with males being virtually identical to 
female insures J-IV. These sizes are almost identical 
to those measured for fhe VI el bourne population by 
Farrell At New (1980), with the exception of female 
instill V which averaged 1.08 mm hi the lattei study, 
t ins discrepancy may be due to our selection of larvae 
from non-overlapping mines, where there was no 
competition lor lood between individuals. At room 
temperature in the laboratory during January and 
February (daily average about 23°C) larval 
development to cocoon initiation (i.c including the 
prepupal period) took 15 18 days and the complete Irfc- 
eyclc about 30-35 days. 

Pupation is preceded by a prepupal stage, 
distinguished from the last larval instar by a lighter 
coloured head capsule, flic piepupu moves awav from 
the light perimeters of the mine into a more- central 
position where it begins to spin a thin ovoid cocoon. 
Silk is laid down from mandibular glands as it swings 
its head from side to side. The cocoon is attached to 
the mine floor and the leaf tut taco abuse by silk, and 
forms ar. annulus ol c reaves. in the tilislri tissue. The 



period from cocoon initiation to adult emergence took 
about eight days in the laboratory for both sexes Two 
to three days alter cocoon formation the prepupal 
cuticle was shed revealing the eve spots and appendages 
of the developing pupa By the Tilth day the pupa 
became pigmented, at which stage the sex of 
individuals could be determined by the colour ot the 
titotaxaud presence of the female ovipositor, the thorax 
ol males being black and dim of females orange The 
pupa moulted on day seven mto the pteaduli stage, 
which is characterised by having all the features of a 
fully formed adult. The body is completely pigmented 
and the wings which begin to untold, are frequently 
fanned within the mine (o help them drv On the eighth 
day an oval-shaped hole is nil in the lop ol the mine, 
and the wasp voids a green-grey meconium just before 
exiling or immediately afterwards. In the laboratory 
approximately 2551 of adults died a her failing to 
emergp from their mine, This mortality was highest 
lor leaves containing multiple individuals. 

Longevity awl overwintering 

To detctimne the optimal holding conditions Tor P 
fmggotu in (he laboratory and determine the potential 
tor the species to overwinter as adults, longevity ol 
wasps was measured at vanous temperatures and 
combinations of mated or unmated females, with lood 
and water supplied or not. The regressions ot mean 
surv ival time against temperature were significant lor 
the four combinations of virgin and milted lemaks, 
wall ;uid without food and water supplied (Fig. i) t he 
slope of the regression ibr letnales with lood was 
significantly different from those without food and 
water for both virgin (F = h.K5;d.l = 2. b; PcUOS 
fug. la) and mated females (F 474, d.f. 2.5. 
f'cd.05 - Fig. lb), but milling did not affect the 
survival ol the females tor either of the treatments with 
(F 4.5, d.f. - 2. 5. P>0.05) or without food and 
water (F - I M; d f. — 2, h; P >0.0.5). In Figure lb 
the data lor mated females with food and water supplied 
at l0 e C are excluded because of the breakdown ot the 
temperature cabinet pan way through the experiment. 
The longevity oJ females W'as increased when held at 
lower temperatures and when wafer and honey were 
snpplied, bin was not affected by rivaling. It is not 
known whether both water and honey were responsible 
for the increase in the survival rate of the letnales. as 
these factors were not tested separately. Possibly only 
water is required to prevent females from desiccating, 
and food is UQUUportant for longevity, though it may 
be necessary for increased leeuridity. 

The longest that adult females survived in the 
laboratory at temperatures below lft°C was 28 days 
Hence, it seems unlikely ttiat P froggatlt overwinters 
only as adults A small number of occupied mines was 
found on trees in coastal suburbs of Adelaide during 
June and July but at no other .sites. It seems likely. 
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therefore, thai some pupae continue developing in 
refuge areas until about mid winter and the subsequent 
adults remain quiescent lor the rest of winter before 
ovipositing into leaves in late August or early 
September (see Fig. 2). 

Mine Jcwfopmeni 

First and 2nd instar larvae first mine towards the 
distal end of the leaf following Ihe direction of the 
venation, but as they grow with each subsequent moult, 
the mine becomes progressively larger and circular or 
oval in shape. As observed by previous authors (Farrell 
& New 1980; Nuttall 1985; Kay 1986). mines generally 
follow along the mid-vein of the leaf and, when more 
than one larva is present, their mines often merge so 
that almost the whole leaf cun become blotched. The 
largest number of larvae observed to complete 
development on a single large leaf was 21, so that any 
remaining eggs from the large numbers of ovipositions 
(see above.) either died beforehand or were eaten by 
the first emerged larvae. Leaves supporting more than 
about 10 larvae often resulted in smaller adult wasps 
compared with leaves supporting fewer larvae. Other 
authors (Farrell & New 1980, Curry 1981) have 
reported Phylacteophagu as confining its development 
only to the top surface of a leaf. This was confirmed 
here for cucalvpt species that have differently textured 





Fig. I Longevity of §> PhyUicteophugu Jbiggattl measured 
as the mean survival time for three replicates of 10 wasps 
(jfS.E.) at diftVrcnt tempera Hires, (a) tor virgin 9 9 with 
food and Water supplied (■) and without food and water 
I''), and 1 hi formated 9 9 with food and water supplied 
(•) and without Food and water ( l. 



dorsal and ventral surfaces, but for species with 
isolateral leaves (i.e. identical surfaces on leaves 
hanging vertically), mining was carried oul on either 
side, sometimes resulting in individual larvae being 
separated only by the internal venation of the leaf. 



Fkittiage w trees 

The levels of damage varied between infested trees 
and between individual sites, possibly because of 
differences in the tree Species present, their size, age 
and health Quantifying damage for these variables was 
beyond the scope of this study but casual observations 
In the field allow for some useful generalisations to 
be made. Trees which supported large numbers of P 
fmggaui mines were similar in several respects; they 
were usually small (<4m lull), were often situated 
on roadsides, carparks, parklands or isolated groups 
in paddocks, and were usually sheltered to some degree 
from westerly winds. Possibly sheltered localities 
prevent adult wasps from being blown away from their 
host plant, Since they are not strong fliers, Trees that 
became heavily damaged appeared healthy in the early 
stages of attack, in that they had dense lush foliage and 
did not appear 10 be stressed As reported by Farid I 
& New 1 1980), damage is mom severe- towards the base 
of trees, particularly on low hanging branches The 
apex region is usually not attacked, especially for trees 
above 4 5 m in height. In some suburban areas, where 
(here were many young trees of the same species (1-2 m 
in height), damage often reached very high levels, 
causing leaf shedding and sometimes death of saplings 
Well-established trees (>K ni high), were far les-. 
frequently attached and, if so, were usually in close 
proximity to heavily infested young trees. Mines on 
such trees were generally confined to low hanging 
brandies with senu-niature leaves. 



Host range 

The range of tree species attacked by Pbyktcteophaga 
spp. was compiled by reviewing previous studies, as 
well as surveying a wide range of trees in the Adelaide 
region during 1990-91 Trees in open situations, 
nurseries and gardens were examined, with those in 
the latter two areas being used to confirm species 
indentificalion The data presented in Table I show 
that at least 27 eucalypt species arc susceptible to attack 
both in Australia and New Zealand, with most of these 
records being attributable to P. fmggutu. In Australia 
the most widely infested species are Eucalyptus 
botryoides, E capialdufctisis, E, ■ itriminm, E 
dadocalys , £, fie If alia , £'. globulus arid £'. gnmbis 
Also, several non-eucalypt species have been reported 
as hosts, hut there is some doubt as to the accuracy 
of at least some of these accounts as they have mostly 
not been confirmed since the iniliul reports 
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Parasitflid spears 

Over the period of this study 17 species of 
hymenoptcran parasitoids were associated with P. 
froggatti. A list of these species and summary of their 
biology is presented in Table 2. and a key to their 
identification given in the Appendix. Eleven species 
were primary parasitoids of either the larval or pupal 
stages. Three were confirmed as facultative 
hyperparasitoids ( Elasmux auxtraliensix Girault, 
Cirrospilus margixcuieHum (Girault) and Eupebnus 
sp.), while three have not had their biology conformed 
(Lartophagus sp. . Pediohius sp. and Chrysonotnmyia 
sp. 2). The species in this latter group were not 
positively reared from P. froggatti. but rather emerged 
into rearing containers with eucalvpt leaves infested 
with host larvae. There is a possibility that these species 
had conic from other leaf mining hosts, though none 
of the latter was seen after careful inspection of the 



leaves. It is likely, therefore, that Ihese three species 
are parasitoids of P. frnggatti, hut further study is 
required to confirm this. 

Seasonality of Phylacteophagu froggatti and its 
parasitoids 

Fortnightly field excursions from August 1990 to July 
1991 to collect P. froggatti and parasitoids were used 
to determine the approximate seasonality of the species 
involved in the Adelaide region. Egg spots and early 
mine initiation were first evident on trees in the 
Adelaide Plains in late August 1990 and pupae and 
preadult stages in mines were present up until late May 
1991, A few occupied mines were found in June and 
July on several trees, only In the western (coastal) 
suburban areas. Although relative abundance of species 
was not determined, it was clear from the number of 
infested leaves and trees that P. froggatti is most 



Tabu I. List of tree species which hove been recorded in the literature und during this study as susceptible to damage 
by Phylacteophaga s/tp. (sources of information tire as follows: I, Anon. 11950/ and 2. Moore 11960/. coastal N.S.W; 3. 
Pick 11955/ and 4, Parrel/ & New [1980/, Melbourne region, Vit ., 5, this project 11990-91], Adelaide region , S.A.: 6, Curry 
/I9M/, Penh region, IV. A., 7. N'utial 11905/ and S, Kay 11906/, New Zealand; sources 3-5. 7 and ft are for Phylaeleophaga 
froggaiii). 



Recorded Phylacteophaga damage 
N.S.W. Via S.A W.A. N Z. 

flosl Plant 12 3 4 5 6 7 8 

Pm ulypius botryoides x x x x x 

E. camaltlitlensis , ^ v* x 

E. rincren o' x / 

E. citriodora x x x x 

E. cladocnlys x x x x 

E. di versicolor x 

E. ficifolia x x x x 

/:. globulus x x x x x 

F. gomphoeephala x 

E. grutldis x x 

E. lehmannii x 

E. lettcoxylon ... x 

E. lettcoxyloii rosea x 

E. longtfolia x 

E. nuunUaa. x 

E. uutcarihurii ... . x 

E. murginata x 

E. inelliodoru x 

E. nu liolit x 

E. ovata . . .. ^ 

E. pcrtinhtnn x x x 

E. punctata x 

E. robusta x x 

L. rudis x x 

E. uilignii x x 

E. dderoxylon x x 

E. vimittabs e 



Agonis jlcxuosa 

Benda (Birch) x 

Lpphoslenton nonfertus (Trislaniu) x x x 

Quercus palustris x 

Q. robur x 
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Table 2. Summary of the relationship between Phylactcophaga froggatti and its parasitoids in the Adelaide region 

( — = information riot available; pa = preadult). 



Species of 
Parasitoid 


Family 


Stage of 
P. froggatti 
attacked 


Solitary (S) 
or 

Gregarious (G) 


Endoparasitoid (N) 

or 

Ectoparasitoid (C) 


Primary (P) 
or 

Hyperparasi'toid (H) 


Bracon confusus 


Braeonidac 


larva; pupa 


S 


C 


P 


Bracon 

phylacteophagus 


Braconidae 


larva; pupa 


S 


C 


P 


Paraphylax sp. 


lchneumonidae 


pupa 


s 


c 


P 


Brachymeria sp. 


Chalcklidae 


pupa 

?pupa 


s 


N 


P 


Elasmus australiensis 


Elasmidae 


s 


C 


P; H 


Apleurotropis sp. 


Eulophidae 


larva 


G 


?N 


P 


Chrysonotomyia sp. 1 


Eulophidae 


larva 


G 


C 


P 


Chrysonotomyia sp. 2 


Eulophidae 


- 


— 


— 


— 


Cirrospilus 

margiscutellum 


Eulophidae 


larva; pupa; pa 


s 


c 


P; H 


Ci rrospi Ins on ipitis 


Eulophidae 


pupa 


s 


c 


P 


Cirrospilus sp. 3 


Eulophidae 


larva 


S: G 


c 


P 


Cirrospilus sp. 4 


Eulophidae 


— 


S 


c 


P 


Cirrospilus sp, 5 


Eulophidae 


pupa 


S 


c 


P 


Diaulomorpha sp. 


Eulophidae 


larva; pupa 


G 


c 


P 


Pediobius sp. 


Eulophidae 


- 


— 


— 


— 


Eupeimus sp. 


Eupelmidae 


pupa 


S 


c 


P; H 


Luriophagus sp. 


Pteromalidae 


— 


— 


- 


- 




1990 

A S 0 


N D 


d F__ 1 _ 


1991 

M A M 


. J J 



Phylactcophaga froggatti 
Adelaide Plains 
Adelaide Hills 



Parasitoids 
Bracon confusus 
Bracon phylacteophagus 
Paraphylax sp. 

Brachymeria sp. 

Elasmus australiensis 
Apleurotropis sp. 

Chrysonotomyia sp. 1 
Chrysonotomyia sp. 2 
Cirrospilus margiscutellum 
Cirrospilus occipitis 
Cirrospilus sp. 3 
Cirrospilus sp. 4 
Cirrospilus sp. 5 
Diaulomorpha sp. 

Pediobius sp. 

Eupdmus sp. 
lariophagus sp. 

Fig. 2. Seasonality of Pliylacteoplutga froggatti and its parasitoids in the Adelaide region for 1990-91, determined by the 
presence of larvae and pupae in leafmincs. 
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numerous at sites on the Adelaide Plains (umi about 
early December lo late March < Pig. 2). and that thca' 
are three, possibly four, peaks in nunibcts over the 
period September to March. In the Lobelhul-Wotxistde 
atca (Adelaide Hilts). largest numbers occurred slightly 
later, from about early January lo late March, with egg 
spots and mine initiation not appearing until later 
November, presumably because of the eoolct average 
lempeiatures there compared with the Adelaide Plants 

Of the D species of parasitoids, six were encountered 
over a period of Iwo months or more (i.e. Brunw 
phyhureophagus Austin, Q'lrospilus murgiscutellum . 
C occipitis Girault and Cirnvtpilus sp. 4, Pupelmus 
sp. and Diaulornorplia sp. I (Pig. 2). and of these (in 
descending order) C. margiseuiellum, B 
phxlavwopliagiis. Eupelmiis sp. and Diaulmmrpha sp 
were reared in the largest numbers No parasitised 
hosts ot parasiloid pupae were limnd in mines dutmg 
July and August, though two adult female /? 
phvhti seophagus amt one murgiscuu'Hwn were 
located in old mines duiing this time, indicating that 
these and possibly .all parasiloids in llie /’ fraggalfi 
complex oveiwintei quiescently as adults. 

Lewis of parasitism 

Collections of mined larvae during January and 
Pebttiuiy 1991 enabled assessment to he made of tile 
levels of parasitism in the field ai three separate sues, 
viz . 1 ohgthal (Adelaide Hills). Slurt and I Dover 
Gardens (Adelaide Plains) (Table 3). These data show 
a large range in the level of parasitism of f‘. Jhttgglttti 
( 15,6 lo 60.3%), and in all cases C. mctt^iseutellum was 
by far the most important parasiloid. Other parasitoids 
contributed 0 lo ll,59t of total parasitism, ol which 
B. plivluatvphugus was most common. These data, 
however, represent a minimum estimate of percentage 
parasitism, particularly lor Ihe blurt sample, wlttne/' 
fniftgiim were mostly represented by early litbhisiorv 
stages when collected , so that those sampled could have 
been parasitised if left in the field. Because C 
nuirgiseulellum is capable ol paralysing and leediitg 
on all stages of P froggpm from early instant to the 
prcttdult stage, an estimate of the rnaximum poietiiut 
parasitism was obtained by adding the measured level 
ol parasitism with the proportion of hosts sldl viable, 

Bi flogs of pt) tost! old species 

family Ichneumon idae 
ftimphylax sp. 

FIG. 5 

There are more lhan 50 recognised species ol 
Pciniphslai from Australia, the majority of which are 
utidesenbed (Gauld 1984). Where their biology Li 
known they have been recorded mostly u> primary 



cctoparasitokls and hyperparasitoids ot lepidopteran 
hosts. The single male specimen reared here in March 
1991 is an eetopursituid of P fmggatii larvae. It belongs 
to the cova.x species-group, and is probably the same 
species as that recorded by Gauld (1484) from P. 
fwfiyulti in south -eastern Australia. Being the only 
ichncunionid in this purasitoid complex, Paraphyhn 
sp can be easily identified by its characteristic wing 
venal ion 

Family Braeonidac 

Beacon caqfiwis Austin & II phyla iteophagus Austin 
FIGS \ 4. 6 

Both these species are Solitary primary 
ectoparasiinids of third instor larvae lo early stage 
pupae ol P froggaui (Table 2). B. phyhtcieophagux was 
the more commonly encountered species of the two, 
and was found associated w ith its host for the same 
period that occupied mines were present in the field 
(September to May). B. confusUi was collected for only 
a short period during Deceinber-January. The biology 
of these species has been discussed by Austin & Fuulds 
(1989) and Faulds (1990) and only observations 
complementary to those given by these authors are 
presented here. Pnoi to 198V, references to BrtUvn 
associated with Phylacteophaya did not recognise the 
presence of two syitipait leaMy occurring species. 

B. amfusus and B. phykuitvphuguh oviposit one egg, 
rarely two. in a mine, either next lo or onto the surface 
ol the host. The host larva is paralysed at oviposrtion, 
thereby allowing the secure attachment of a newly 
emerged Bracon larva in the absence of an active host 
which normally whips its abdomen about when 
disturbed fate stage Braran larvae are easily 
distinguished from other parasitoids by their large size, 
dorsal ampullae and covering of long hairs, but they 
are identical lo each other, Contrary lo the findings 
of Farrell & New (1980). most lanae which we gently 
dislodged from a host with a fine brush did not die, 
hut rather successfully reattached themselves. When 
leeding is completed. Bracon larvae normally move 
away from their host before commencing cocoon 
construction bin occasionally pupate inside their host's 
pupal cocoon When spun away form a hosl pupa, 
Brui ori cocoons often have loose truss and moulted 
cuticles tricot porated into their silk matrix. They are 
while in colour, ovoid in shape and measure about 
7.(1 y 1.3 min, The confined prepupa deposits a 
meconium ai one end of its cocoon and then hunches 
into the opposite end so dial it occupies only about 
half of the internal space Adults emerged in the 
laboratory 11-12 days after the commencement of 
cocoon coilstiuctton. Adult B. phyluLteapluigus held 
at constant I5°C were slill alive afler h8 days and 
individuals were observed to feed on the honey and 
witter provided 
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Along with Puruphyka sp., B. amfusus and B. 
phylacieophagus can be easily recognised by their 
relatively complete venation and large size ( <3 turn) , 
and the species separated by their colour and 
differences in pilosiiy. 

Family Chulcididat' 

Bruchvnmu sp. 

FIG 7 

This genus is a moderately large genus in Australia 
comprising primary parasitoids and obligatory 
hyperparasitoids of the pupae of a great range of 
holometabolous insects, but particularly l.cpidopieru 
(Boutek 10X8). The species recorded here was 
reared from several pupae ol P. froyyulU during one 
week in December 1000. Brochymeria sp. is easily 
identified by its small robust form, enlarged hind 
femur, elongate postmarginal vein, and densely 
punctate dorsal mesosoma. 

Family Eupchnidac 
Eupelmus sp. 

FIG. 8 

This species was generally reared as a solitary 
primary parasitoid from the pupal stage ol its host, but 
on several occasions was also found to he 
hyperparasitic on smaller conspecific larvae and those 
of several other undeniilied parasitoids. Mature larvae 
can be identified from the other common parasitoids 
in mines by the presence of dorsal ampullae and dense, 
long hairs on the thoracic segments. Eupdnnis sp. was 
reared from P. [my yum from mid summer to mid 
autumn. Adults can be separated from the other spceics 
in the complex by the presence of a greatly enlarged 
mesopleuron. exposed ovipositor, and form of the wing 
venation. 



Family Elasmidae 
Etusmus uuxlraliensts Girault 
FIG. 9 

This species was reared either as a solitary primary 
celoparasiloid oi hyperparasiluid of P frayyalli during 
December and January Previous reports (Rick 1967; 
Austin & Allen 1989; Allen 1990) have recorded this 
species as being gregariously hyperparasitic on 
lehneumonid pupae associated with the lepidopteran 
defoliator Uraba luyens Walker, ft can be readily 
identified by its large disc-shaped hind coxa, cream 
coloured legs with black hairs and spines, and 
distinctive criss-cross pattern of black hairs on the hind 
tibia. See Rick (1967) lor additional taxonomic 
information and list of synonyms. 

Family Pteromalidae 
Lariophugm sp. 

FIGS 10, II 

According m Boucek (1988). this small genus is 
represented in Australia only by L. diatinguendus 
tFoersterl, a cosmopolitan parasitoid of beetles 
associated with stored grain. The single specimen 
reared here was removed in early February 1991 from 
a P. froggtiiii mine that did not contain any other 
parasitoids or other potential hosts, Given l he paucity 
of biological inlomialiou available on this genus we 
are unable to speculate further on this species 
However, given that a dead P fmggatli larva was the 
only other occupant ol the mine, we have assumed that 
Uiriophogus sp. is either a primary or hyperparasitoid 
on it. This small nondescript species is the only 
pteromalid in the parasitoid complex and it can be best 
identified by the presence of five tarsal segments arid 
six funicle segments of the antenna. 




Figs 3. 4. Dorsal view ol' the head ol 9 0tun<« itpp,- 3 Bruton pMactenphuym Austin, 4, Bruton confutus Austin 
Seales = 250 y*IH- 
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Family Kulophirfae 
Petlfobui.s ip 
F]G. 12 

Members of ihis genus are known (p be primary ami 
hyperparashoids of eggs, pupae and sometimes larvae 
of various insects, mainly ofl.epidoplent. Coleopieru 
Diptera and other Hyinenoptcra. with several species 
being reported as attacking leat-mineis (Bnucck 
1988) An unidentified Pediabhtx species is 
hyperparasitic on U. lumens (Austin & Allen 1989. 
Allen 1990), the latter occasionally appearing on the 
same host plants as P. friuggatri. However, variation 
in sculpturing on the scuiellurri indicates that the 
Pedinbius associated with these- two hosts are different 
species. Previously. P. bruchicida (Romlanii. a 
gregarious species (Boucek 1988), has been found as 
a hyperparasiloid on H phylucteupluigux in New 
Zealand (Fau)ds 1990), and this species resembles 
closely the single specimen recorded here Pedinbius 
sp. was reared in a container from a nuinhei of leaves 
mined in late Decernher 1991) Inspection of these leaves 
revealed the presence of no other potential hosts, i ike 
Apl enrol mpii sp. and Diauinntorphu sp.. Ihis species 
can be identified from others in the complex by the 
presence of several long hairs on the scutum and 
seutellum, and the posterior expansion of the 
seutellum. In addition to the characters in the key. it 
can Ire separated from Aph'ittuimptx sp. by the absence 
of a postero medial sulcOs on the scutum and from 
Piaulomorphu sp by the very distinctive colour nl the 
latter species 

Apleundiopis sp. 

FIG !3 

This genus has previously been recorded as emerging 
I tom P. froggatd mines (Rick 1955. Farrell & New 
1980), with Boucek (1988) listing A untifUipmnLs 
(tiirault) as parasitising P. eucalypti m the Melbourne 
area. Material reared over a three week period in 
December 1990 here confirms that this species is 
gregarious, with the larvae probably being 
endoparastlic, as holes were found in the body of the 
host next to the parasttoid pupae. A single mine of a 
laic siage P froggatti larva was found lo contain 12 
purasitnid larvae and pupae, of svliich most completed 
development in the laboratory. Compared forth 
Pediolnus sp. this species can be easily recognised 
by the presence of a large postero- medial sulcus on 
the scutum (see above). 

Oiuulomorpha sp. 

TIGS 14. 15 

This gregarious primary ectoparasitoid attacks the 
larvae and pupae of P. Jroggavi with up In 10 
parusitoids being moulded from a single mine At loom 



temperature most individuals in a single mine emerged 
within 13 days after the commencement ol pupation. 
Mature larvae can ho easily recognised from the other 
common parasftoids in the complex because of their 
gregarious behaviour and absence of dorsal ampullae. 
Adults can be recognised by ihcit metallic green-gokl 
colour, while legs and light brown antennae (see 
comments under Pediobius sp. ) An apparently 
undescribed species belonging tu this genus has been 
recorded fnrini Phvhicteophliga mines in Western 
Australia and elsewhere in Australia (Boucek 1988), 
and this may be the same species as reared here. 

Chi YSPf){V"tliytu sp, I and sp. 2 
TIGS 16. 17 

According lo Lfoucek 1.1988), members of this 
medium M/ed genus ol about 40 described Australian 
species, develop in the eggs or young larvae of leaf- 
mining and gall-forming Dipiera and Lepidoptera. 
Virtually no biological information is available for any 
Australian species, except tor one reared from Penhida 
glyphopa Common (jatrah leaf-miner) in the warmer 
legions of the Darling Ranges and coastal regions of 
south-west Western Australia (Mazanec 1988) It is a 
solitary endoparasitoid most frequently of the 2nd and 
3rd LaMar larvae, 

Two species belonging to this genus have been 
associated with P. pytggaiU in the Adelaide region. 
Cbryxomnmyin sp I was reared as a gregarious 
primary ectoparasitoid of a single late stage larva ol 
P Ihtggalti collected at Lobethal in March 1991, while 
two specimens ol Chn.wnolomyia sp. 2 were reared 
only from mined leaves in February 1991 collected al 
flic Dover Gardens site, and therefore arc only 
tentatively assumed to be parasitic on this host. 
Although very small in size (about i mm in length), 
these two species can be separated from the other 
cnlophid genera in the complex by the antennal funicle 
being only 2 -segmented anti the seutellum lacking a 
subtnedial groove T hey cart be separated from each 
other by the form of die wing venation and their colour. 

l 'irroxfJilnx marpisi-uteUmn (Circuit! ) 

FIGS 18. 19. 22 

Cirtv.rpdttx is a large and taxonumieally difficult 
genus of small often brightly patterned wasps which 
are well-known primary and hyperparasitoids of 
cucalypt leaf-mining insects. Two described species 
have previously been reared from Phyfocteophaga spp.. 
viz,, C margixcutellum (Girauli) from Western 
Australia and C. vccipids Girault from N.S.W. 
(Boucek 1988). while undetermined species have been 
reared from P. froggum in Melbourne by Riek (1955) 
and Farrell & New (1980) and in Western Australia by 
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TAfil i V Mortality of PhylaCteophaga I'mggaltt as revealed In' collections made during January and February 19UI. from 
I nhel lud where trees were in relatively early stages oj attack., and from Sturt and Dover Gardens where trees hud been 
heavily attacked during the preccediny weeks (— = information unavailable), 







Collection Sites 






Liihelhal 


Sturt 


Dover Gardens 


Total number of mines examined 


434 


899 


410 


% already emerged . . 

Viable P. fmggatli 


45.6 


0 


1.2 


% larvae, pupae & p read nils ... 

Cause of Death Unknown 


1.3 8 


79,6 


6.3 


% larvae and pupae . 


10. 1 


— 


— 


% preadults ... ... ... . . . . 


10.6 


- 


- 


% Tblal 

Parasitism 

% parasitised by 


202 


3.8 


2111 


Cirrospilus marpiscuu'ilitni , 


13.8 


15 5 


60.7 


parasitized bv Bracon spp. 


J.6 


0 


Cl 


% parasitized by others , , . , . . 


0.2 


1 1 


0 


% Total parasitism . 


15.6 


16.6 


60.7 


% mux. potential parasitism 


>9.4 


96.2 


67.0 



Curry (lySli. Clearly, at least some Cirrospilus spp. 
arc widespread in Australia. Here we record C. 
margiseutellum from the Adelaide region and C. 
occipitis from Perth (material in ANIC.) for the first 
time, indicating that these species are distributed across 
the southern part of the continent, at least. 

C. margiseutellum was by far the most commonly 
reared parasitoid associated with F. fivggatti in the 
Adelaide region (Table 3), and was present in mines 
for nearly the whole time that host larvae and pupae 
were available (late September to late May ) As shown 
by Farrell & New (1980), laboratory observations 
confirm il to develop as a solitary primary parasitoid 
of third instar larvae to late stage pupae, as well being 
hyperparasitie, in the Adelaide region, on the larvae 
of Bract m spp., Eupeltnus sp. , Didttlomorpha sp. and 
small conspeeific larvae occurring ill the host mine. 
When multiple P froggani were found in mines, with 
some parasitised by Bracon spp.. the iatter appeared 
to be preferentially parasitised by C margiseutellum 
rather than unparasiltscd primary hosts. 

Usually only one Cirrospilus larva was (bund feeding 
on a host and generally il did not confine its feeding 
to one feeding site, as indicated by numerous dark 
melariised spots found over the host's integument In 
the laboratory, C. margiseutellum held at room 
temperature took 16-17 days to complete development, 
once emerged from the egg. Mature Cirrospilus larvae 



could be recognised from those of the other common 
parasitoids in the complex by the absence of long setae 
over the body and the presence of ampullae on both 
the dorsal and ventral surfaces. The larvae of different 
species of Cirrospilus could not be separated. Adults 
of Cirrospilus spp. can be distinguished from other 
eulophids in the complex hy the presence of a 
submedial groove on the scutellum, submarginal vein 
with at least two bristles, and their metallic and/or 
Striking colour patterns. C. margiseutellum is the only 
member of the genus in this complex to have the lace 
With transverse black bands. 

C. occipitis Girault & Cirrospilus sp. 3-5 
FIGS 20, 21 23-26 

Four other species of Cirrospilus were reared from 
P. fivggatti mines, all of which are solitary primary 
ecioparasitoids. with the exception of Cirrospilus sp. 
3 which was found to be gregarious. C. occipitis and 
sp. 5 were observed to feed on host pupae, and sp. 

3 and sp. 4 on the larval stages. C. occipitis and sp. 

4 were found in mines over the summer months, early 
December to late March, and early January to late 
March, respectively, while sp. 3 and sp. 5 were 
recorded from only a few samples in one week in early 
Marcli and late March, respectively. The live species 
encountered here can be separated relatively easily by 
their distinctive Colour patterns. 



figs 5-9. 5-6. Fore and hind wings. 5. Paiaphylux sp., 6. Bracan rotifiisus Austin. O; 7-9. Lateral view of whole body: 
7, Brachymeria sp.; Eupeltnus sp.; 9, Euismus australiensis Giraule Scales: Figs 5. 6 = 1.0 trim: Figs 7-9 - 0.5 mm. 
Abbreviations: bu = bullae: he = hind coxa: hf — hinJ femur; mp — mesopleuron; pp - prepectus, pv =■ postmargioul 
vein; sv = stigmal vein 
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Figs 18-26. 18-19, Cirrospilus rtuirgi scute Hum (Girault): 18, fore wing; 19, anterior view of head showing transverse banding; 
20-21, antennae; 20. Cl rrospihts occipitis Girault; 21. Cirrospilus sp. 4; 22-25. Cirrospilus spp.. dorsal view ofmesosoma 
showing colour pattern; 22, Cirrospilus margiscuteUum (Girault); 23, Cirrospilus occipitis Girault; 24, Cirrospilus sp. 
3: 25. Cirrospilus sp. 4; 26. Cirrospilus sp. 5. dorsal view of mesosoma and metasoma showing colour pattern. Seales; 
Figs 18. 19 = 0.5 mm; Figs 20. 21 = 200 gin; Figs 22. 23 - 0.5 mm; Figs 24. 25 = 250 /mi; Fig. 26 = 0.5 mm. 
Abbreviation; sg = submedial groove on sculellum 
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Key to the parasifnitlx of Ptiylacieophaga froggatti 
lit the Adelaide region (based on females) 

1 hire wmg with more than one enclosed cell (Figs 5, 6j: 

prcpecuis absent . . 2 

Fore wing with no more than one enclosed cell (Figs 
7, lb-18); prepcciu.x usually preselil (Figs 8 9). sometimes 
absent (F ig. 7) (C'haleidoidgu) . .4 

2 Fore wing with vein 2 men present: hind wing 
with vein r m meeting R> alter Rs diverging Iront 
Sc * R (Fig 5) (Lhneumonidae) |fore wing with two 
bullae m 2 rit-ou (Fig 2>>. rrtcsosculuni smc'lh arid 

unsculpturedl Pwupfivku sp. 

Fore wmg wiih win 2mcu absent, hind wing with vein 
r-m meeting Ks before Rs diverging fmm Sc t R 
(Fig. 6) (Braconidact . ,3 

2. Vertex, occiput and temples mostly hairless except 
lor row or short hairs around margin of eyes and 
posterior vertex (Fig. 3> oropodeum black 
Brt/iim phnlucieuphogUA Austin 
Vertex occiput and temples sparsely covered will, 
long hair* (Fig. *t); propodeum orangt-yelluw 
liraefm t/infaxui Austin 

■I Hind lemur enlarged and with teeth on ventral edge ( Fig 
7); prepectus very small, virtually absent (Cltakulidaei 
| malar suture distinct, poslmarginal vein longer than 
stigmal vem (Fig. 7); propoedum with rough alveolate 

sculpturing) tinfchymefm sp. 

Hind lemur not enlarged and without teeth (Figs 8. ID, 
prepcctus distinct t Figs 8, 9) . . 5 

5. Mcsopleurnn greatly enlarged, convex, developed into 

a laigc undivided shield tFig 8) fposima'gmal vein 
slightly shorten Ilian sligmal vein; ovipositor protruding 
from posterior meta.sorna, sheaths black with middle 
third white tFig. 8),| ... bitpt’lmux sp. 

Mesopletitvm not greatly eitlurged (Fig. 9) b 

6. Hind coxa developed as a large flat disc (Ftg. 9). hind 

tibia whh seine fanning distinct ertss cross panern; fore 
wmg narrow, ptislmurglmil vein much longer than stignul 
vein tFig. 9) (Flasntitiuel [body dark, tegulaand leg,' 
pale except for bind coxae| EIomiuu imstralicnv* Girauii 
Mind coxa not is a large flat di.se (Fig. II), hind tibial 
Imirs not forming i rtsc-cnt's pattern; fore wing relatively 
broad (Figs 16-18) ...... ... 7 

7. Hind tarsi 5-Segnicnted (Fig. (If antenna without distinct 

(nnicular segments and clava (Fig. IU> (1‘tcromalidae) 
Ihead round in anterior view, basal third of tore wing 
virtually devoid of hairs] . . , Lurtophagux sp. 

Hint) tarsi 4 -segmented (Fig. 15). antenna will, distinct 
funicular segments and clava (Figs |4 20, 21) 

(Fulnphidae) , X 

8. Dorsal mesoso.na with long stout hairs (Fig. 12); 
metasoma distinctly petiolaic- (Figs 12, 13). body black 

and shiny . 9 

If do roil mesosoma with hairs then mostly tine and slmrt; 
mejasoma sessile, or petiole less conspicuous (Fig 26). 
body colour vatiablc , 10 

M Scutellum longitudinally str igosc* wilt, exception . a 
longitudinal medial line which is smooth I Fig 12). Tl 
of metasoma with anterior (hinge (Fig 12); tegs all black 
except proximal 3 lursal segments of mid and hind lees 

which art while Pe<hot>in.<. sp 

Sculellunri Willi coriaceous sculplurirtg (Fig 13); Tl o| 
nietasoina without (lunge (Fig 13); all IcgsdislaJ to coxae 
pale in colour Apkuwirnpii sp 

l(J FiUiielc of arileililae 3-segnienled (Fig. 14) [body metallic 
green-gold in colour all legs distal to coxae w hite, body 
ahoot 7 trmi rn Ivnglhl L>iaulomorpha sp 

Funkle ol antennae 2 segmented (big* 20, 21) It 



II. Sctitclhiui w ithout Hulimedial grooves; submarginal vein 
with 2 dorsal bristles (Figs 16, 17): body less than I mm 

m length (Cfjrvwaiotomym Ashnieadl 12 

Seuteliutii with suhmedial grooves (Figs 22. 23): 
submarginal Vein with more- than 2 dorsa) bristles (Fig 
18): body greater than I mm in length t Cfrro.ypilm 
Westwoodi , , , , (? 

I2_ Cuhilal vein of lore wmg indicated by a single 
row of hairs (Fig. 16); sligmal vein distinct and infuscatu 
an mnd distal end (Fig. 16); mesosoma and head metallic 

green Chi YsvnmmUi sp. 2 

Cubital vein ol w ing uoi indicated tFig. 17), stigmal vein 
ihort and not infu.vcale (Fig. 17); mesosomu and head 
nun-mcntHic and dark in colourC/fryvomarwmYi sp. I 

13 Clava of antenna continuous with funicular segments 

(Fig. 201 It 

Clava separated from funicular segments by distinct 
constriction between segments (Fig 2|) IF 

14 Stigmal vein infustate around distal end, sometimes only 

laintly (Fig. 18); vertex with short stool black hair' 
l Fig I'll . . . n 

, Stigmal vein without infuseation distal ly Vertex with only 
fine pals* hairs |mesosoma with yellow and metallic green 
markings tFig. 23)] . Cirmspilux ncapiiis Oirault 

15 Dorsal mesnsoma metallic green-blue with slight yellow 
markings in posterior half (Fig. 22), surface with 
fttieolafe sculpturing. lace with transverse shirk 
stripes (Fig. 19); pronolum shorter than scutum 

(Fig 22 1 Cirnwpilus marghcuteHum (Oirault) 

Pronolum yellow w'llh 3 longitudinal black bands, re si 
of mesosoma orange with black markings (log. 24) 
surface sviiti eoreaeious sculpturing: pronolum nearly 
as long, as scutum . , CVrrejpi/td sp. 3 

16 Metasoma rounded in dorsal view; pronotum yellow 
orange, rest of dorsal mesosoma orange with black 

markings (Fig, 26) CimupilUi sp. 8 

MeUxoma broadly elongate, pointed pn.Mcrioriy, 
dorsal mesosoma yellow with black markings (Fig. 
75) . . Cirrospilus sp. 4 

Discussion 

This study confirms a number of aspects of the 
biology ol P- froggani first reported hy Farrell <fc New 
(1980), as well as documenting the fccuncftly and 
longevity of adults, and delails of its parasitmd complex 
for the ftrsl time. Previously, this insect had been 
recorded only as a sporadic pest of eucalypls in the 
Adelaide region and then mostly on ornamental trees 
However, (he status of P. froggatti as an emerging 
serious pest both in Australia and New Zealand lias 
increased dramatically over the last lew years and Ibis 
is correlated with 3 corresponding expansion in native 
woodlot plantings in south-eastern Australia. Indeed 
Die Engineering, A. Water Supply Department of South 
Australia has rated P. JroggaW as one of the most 
important pests at its Bolivar woodlot (pers. comm. 
S. Shaw). 

During this study we recorded nearly three times 
the number of parashoid species associated with P 
jroggani as any reported hy previous authors (Rick 
1955. Farrell & New 19S0; Curry I9ft| ). The size of 
the parasitoid complex in the Adelaide region, howevei, 
is unlikely to be significantly larger than elsewhere in 
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Australia. Rather. the concentration of this study on 
rearing parasitoid!, and its longer duration has meant 
that several rarer species have Keen collected. Also, 
the- taxonomy of the groups involved is now heller 
known (see in particular Boucek 1988 and Austin & 
FanMs 1989), so that species can be more easily and 
reliably identified. However, the makeup of the 
parasitoid complex and relative ahuadancc of species 
does seem to differ between regions. For instance, in 
the Adelaide region Cirrospilus sp. I was far more 
abundant than B. pliyhcteoplwRUs, while in Melbourne 
the latter species was more abundant (Farrell & New 
|9M)i In Western Australia Curry (1981) reared sis 
parasitoids from Phylacieophayu (three Cirrospilus 
spp,. Elasttm sp,. Eupelmus sp., an unnamed culophid 
and ApanU'Irs sp.) but no Brut on. Austin & Canids 
(.1989) have pointed out that the reconi of Apameles 
sp. must he erroneous as members of this genus and 
all microgastnnc braconids are endopatasitoids of 
lepirlopleran larvae. The only major parasitoid taxon 
not iceonicd in this study is hopluioitles i vesiruliiiuus 
Ciirault, a pierotnalid, which has been reared from P 
froggaui only in Western Australia ( BouCck 19881. 

Farrell At New (1980) suspected Lhe Cirrospilus sp 
reared hv them in Melbourne to be polyphugouv and 
to use alternative hosts at different times of the vear 
to bleed eorUuiuously. Although we did mil rear 



parasitoids from other eucalypt leal minings in the 
Adelaide region, the fact the multiple Cirrospilus 
species have often been recorded from other hosts does 
provide some indirect evidence that tnerubcis of this 
parasitoid genus are polyphagous (pers. comm. N 
Gough. I. D. Naumann), 

This study should provide a solid basis lor more 
detailed work on the ecology ol P. froggulti . 
particularly the factors that influence its abundance, 
means of overwintering, and the susceptibility of its 
eucalypt species. These and other factors will be 
important in understanding how P. frogyullt develops 
as a pest and how best it can be controlled. Programs 
aimed at limiting the damage caused by this saw lly 
will need to lake into account the mortality caused by 
the above parasitoids. In this respect future research 
might profitably examine both seasonal and regional 
differences in rates of parasitism and the species 

involved. 
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